Liver cirrhosis is the 12th leading cause of death in the United States, with about half of these deaths being associated with alcohol ( 1 ). The precise worldwide incidence of liver cirrhosis is unknown; however, epidemiological data from Europe suggest that there are 15 to 133 cases per 100,000 population per year ( 2 ) . Although alcohol use increases the risk of cirrhosis, there appear to be other factors that infl uence disease progression as only 10-20% of heavy drinkers develop cirrhosis ( 3 ). Other factors purported to affect the development of cirrhosis include software Comprehensive Meta-Analysis, version 2.0 (Biostat, Englewood, NJ).
RESULTS

Study selection
We identifi ed 147 potential studies and excluded 135 for not being relevant or not meeting the inclusion criteria ( Fig. 1 ). Of the 12 remaining studies, 2 were excluded due to lack of details of subjects needed for the analysis, another 2 did not have a suitable control arm, and 1 contained preliminary unpublished data. A total of seven studies were included; all were prospective in design (20) (21) (22) (23) (24) (25) 37 ) .
Study characteristics
The key characteristics of the studies included in the meta-analysis are summarized in Table 1 . Four of the studies included subjects of Caucasian race ( 21, (23) (24) (25) , while one each included subjects who were North Indian ( 37 ) and Mestizo Mexican ( 22 ) , respectively. The study reported by Krawczyk et al. ( 20 ) did not include information on race, although all subjects were noted to be "European individuals." Across all seven studies, most subjects were male, and ages ranged from 33 to 57 years. The number of subjects in the studies ranged from 60 to 483 (total = 2,023) in the cirrhosis groups and 100 to 698 (total = 2,488) in the control groups. Except for the study of Tian et al. ( 22 ) , the CC and GC genotypes of rs738409 were more common than the GG genotype in both the cirrhosis and control groups; in these studies, the ranges of the number of patients with CC, GC, or GG genotypes for the cirrhosis group were 24-168, 21-220, and 15-95, respectively, and for the control groups were 62-394, 29-261, and 9-43. For Tian et al. ( 22 ) , the numbers of patients with the CC, GC, and GG genotypes were 59, 264, and 371, respectively, in the cirrhosis group and 83, 198, and 11 in the control group. G was the minor allele in six of the seven studies ( 20, (23) (24) (25) 37 ) , with frequencies ranging from 32.3% to 42 .5%. In the study reported by Tian et al. ( 22 ) , C was the minor allele at a frequency of 27.5%. All seven studies included in the meta-analysis were in HWE. Call rates were reported in three studies and were 99%, 100%, and 98.7%, respectively (20) (21) (22) .
Evaluation of the relationship of rs738409 alleles and genotypes with cirrhosis
The OR (95% CI) for the comparison of the frequency of the G allele compared with the C allele in the cirrhosis group ranged from 1. 45 (1.14, 1.84) to 2.41 (1.48, 3.92 ) across the studies. For the GC and GG genotypes compared with the CC genotype, the OR (95% CI) ranged from 1. 49 All seven studies were included in the meta-analyses. Signifi cant heterogeneity was found in the pooled data for evaluation of the G compared with the C allele pooled Therefore, to gain a more comprehensive understanding of the strength of this association, we reviewed the available published literature and carried out meta-analysis to assess the risk of cirrhosis on the basis of rs738409 allele frequency (C vs. G) and genotype (CC vs. GG vs. GC).
METHODS
The literature search, data extraction, review, and data analysis were performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines ( 34 ).
Search strategy
Medline, the Cochrane Library, EMBASE, and Google Scholar were searched for articles published up to August 2013 that assessed the effect of the rs738409 (also called I148) variant in the PNPLA3 gene on cirrhosis using a differing combination of the following terms: PNPLA3 , I148, rs738409, adiponutrin, and cirrhosis. Prospective and retrospective studies were included if subjects were 18 years of age and older and had liver cirrhosis, regardless of cause. All studies had to be in English. Excluded studies included letters, comments, editorials, or case reports. Two independent reviewers screened potentially relevant studies, and both had to agree for inclusion of an article. If there was disagreement between reviewers, it was resolved by a third reviewer.
Data extraction
The following information was extracted from the included studies: the name of the fi rst author, year of publication, study design, number of participants in each genotype group, participants' age and gender, diagnoses, and number or association with cirrhosis. The data were extracted by two reviewers. A third reviewer collated and checked the pooled data prior to the data being assessed by a statistician.
Quality assessment
The quality of included studies was evaluated using the Newcastle-Ottawa Scale, which is a validated technique to assess the quality of nonrandomized studies ( 35 ) . The assessed outcomes for the seven included studies are listed in Table 1 .
Statistical analysis
The primary outcome measure was the association of rs738409 with cirrhosis. The OR with 95% CI was calculated for the primary outcome in the cirrhosis group compared with the control group. Heterogeneity among the eligible studies was assessed by determining the Cochran Q and the I 2 statistic. For the Q statistic, P < 0.10 was considered to indicate statistically signifi cant heterogeneity. For the I 2 statistic, which indicates the percentage of the observed between-study variability due to heterogeneity rather than chance, no heterogeneity was indicated by 0% to 25%, moderate heterogeneity was indicated by 25% to 50%, large heterogeneity was indicated by 50% to 75%, and extreme heterogeneity was indicated by 75% to 100%. Because the random effects model assumes that different studies may contain different underlying effects and takes into consideration both within-and between-study variation, the random effects model was adopted for the current study. Hence, pooled OR of the outcome was calculated by the DerSimonian-Laird method ( 36 ) . Allele frequencies of the PNPLA3 I148M were tested for consistency with Hardy-Weinberg equilibrium (HWE) using the Fisher's exact test. A two-sided P value < 0.05 indicated statistical significance. All statistical analyses were performed using the statistical CC genotype ( t = 0.40, P = 0.351) comparisons as determined using Egger's test ( Fig. 4 ) .
DISCUSSION
In this meta-analysis, we examined the risk of liver cirrhosis on the basis of PNPLA3 rs738409 C>G polymorphism allele frequency and genotype. A total of seven studies, involving more than 2,000 patients with cirrhosis, were found to be eligible for inclusion in our study. Notably, subsequent analysis of data extracted from these studies revealed that the rs738409 C>G polymorphism was associated with an increased risk of liver cirrhosis.
Our meta-analysis revealed that the G allele was associated with a signifi cantly increased risk of cirrhosis than the C allele, and, likewise, that both the GG and GC genotypes were associated with a signifi cantly increased risk of cirrhosis than the CC genotype. These fi ndings strongly support the notion that the PNPLA3 rs738409 C>G polymorphism increases the risk of liver cirrhosis. Interestingly, our fi ndings differ from that reported in a study that was not eligible for inclusion in our meta-analysis. Specifically, in a study of Italian patients with hereditary hemochromatosis, Valenti et al. ( 33 ) did not fi nd any association between cirrhosis and the G allele or the GC or GG genotype. Subanalysis, however, did reveal a signifi cant association between cirrhosis and the G allele in patients with a [ Q = 10.97, degrees of freedom (df) = 6, P = 0.089, I 2 = 45.31%]. This analysis found that the G allele was associated with a signifi cantly increased risk of cirrhosis versus the C allele (pooled OR = 1.86, 95% CI = 1.64-2.12, Z = 9.55, P < 0.001) ( Fig. 2A ) .
There was no signifi cant heterogeneity of the pooled data for the evaluation of the association of the GC or the GG genotypes compared with the CC genotype with cirrhosis ( Q = 1.81, df = 6, P = 0.936, I 2 = 0% for GC genotype and Q = 8.88, df = 6, P = 0.181, I 2 = 32.42% for the GG genotype). The meta-analysis showed that the GC genotype was associated with a signifi cantly increased risk of cirrhosis versus the CC genotype (pooled OR = 1.73, 95% CI = 1.51-1.98, Z = 7.86, P < 0.001) ( Fig. 2B ) . Similarly, the GG genotype was associated with a signifi cantly increased risk of cirrhosis versus the CC genotype (pooled OR = 3.41, 95% CI = 2.77-4.18, Z = 11.65, P < 0.001) ( Fig. 2C ) .
Sensitivity analysis
Sensitivity analysis using the leave-one-out approach for each of the different allele and genotypic analyses indicated that removal of any single study did not signifi cantly infl uence the direction or magnitude of the pooled estimates ( Fig. 3 ) . These fi ndings indicate that no one study dominated the fi ndings. In addition, funnel plot analysis revealed that there was no signifi cant evidence of bias for the G versus the C allele ( t = 0.12, P = 0.456), the GC versus the CC genotype ( t = 0.87, P = 0.212), or the GG versus the cirrhosis in ‫ف‬ 6% of cases ( 38 ) . Indeed, there is extensive evidence of a link between NAFLD and this polymorphism. Specifi cally, in the fi rst published genome-wide association study, Romeo et al. ( 11 ) reported that there was strong genetic signal for the rs738409 variant and NAFLD in a population comprising Hispanic, African American, and European American individuals. More recently, the rs738409 allele was found to be associated with NAFLD in a number of studies that included patients from the body mass index <25. Presumably, the disparity in the overall results between our analysis and that reported by Valenti et al. ( 33 ) is a refl ection of the fact that all patients in Valenti's study had hereditary hemochromatosis, whereas none of the studies in our meta-analysis were restricted to including patients with this condition.
Other reports have examined the association between the PNPLA3 rs738409 C>G polymorphism and other forms of liver disease, most notably NAFLD, which leads to United States, Taiwan, China, Japan, or Malaysia (39) (40) (41) (42) (43) . Indeed, in a Japanese study, Hotta et al. ( 44 ) found that the risk of carrying the G allele was 0.44 in control patients and 0.60 in patients with NAFLD. In a meta-analysis published in 2011, Sookoian and Pirola ( 28 ) found that the rs738409 variant was associated with increased hepatic triglyceride content and heightened severity of NAFLD.
Unsurprisingly, the rs738409 variant has also been found to be a risk factor for progression in patients with alcoholic fatty liver disease (AFLD) ( 45 ) . In addition to NAFLD and AFLD, the results of a recent meta-analysis reported by Trépo et al. ( 46 ) indicate that the PNPLA3 rs738409 C>G polymorphism is signifi cantly associated with hepatocellular carcinoma in patients of European descent with cirrhosis. The GG genotype was also found to be associated with a higher risk of hepatocellular carcinoma in a US patient population ( 41 ) . Taken together, our fi ndings and those from previously published reports demonstrate that the PNPLA3 rs738409 C>G polymorphism increases the risk of liver disease. The mechanism through which the PNPLA3 rs738409 C >G polymorphism might contribute to cirrhosis and liver disease is unclear. Recent evidence suggests that this polymorphism may result in a number of potentially important changes that may precede liver disease, including increased accumulation of triacylglycerols ( 47 ) in hepatocytes and decreased lipase activity ( 48 ) . Effects of infl ammation and fi brogenesis have also been proposed ( 29 ) .
Our analyses have several limitations that warrant mention. First, most studies included Caucasian patients only; hence, the generalizability of our results to other racial/ ethnic groups may be limited. Race/ethnicity is also a potential confounding factor as indicated by fi ndings from several studies, which reported that individuals of Hispanic, black, or Indian race/ethnicity may be more likely to develop cirrhosis compared with Caucasians ( 37, 49 ) . Additional studies involving participants of different ethnic backgrounds are necessary to further whether differences in the frequency of cirrhosis among different ethnic groups is or is not associated with the rs738409 variant. Second, the control groups differed between studies, with some including healthy subjects and others including noncirrhotic patients from the same patient population as the patients with cirrhosis. This lack of homogeneity between studies may have affected the results of our analyses. Finally, due to the lack of consistently available data, we were not able to perform analyses controlling for other factors that may affect the risk of cirrhosis, such as alcohol consumption, age, sex, and so forth, or indeed the underlying cause of cirrhosis. Clearly, these factors may also have had some impact on the results of our analyses. Despite these limitations, the fi ndings across the studies were, in general, similar suggesting that differences in study design and patient characteristics did not signifi cantly affect our results. Our fi ndings are also strengthened by the fact that all studies were considered to be of high quality (all had Newcastle-Ottawa scores у 7) and the lack of publication bias.
In summary, our fi ndings show that the G allele of the PNPLA3 gene is a risk factor for cirrhosis and that the homozygous GG and GC genotype had a greater effect on this risk than the heterozygous CC genotype. Patients at risk for liver cirrhosis (and indeed other liver diseases) may benefi t from PNPLA3 genotyping and, as a consequence, more intensive monitoring if the rs738409 C>G polymorphism is identifi ed.
